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[57] ABSTRACT

A process for producing acrylonitrile by the vapor-
phase catalytic ammoxidation of propylene, which
COmprises

(I) reacting propylene, a molecular oxygen-containing

gas and ammonia in the presence of a catalyst expressed
by the following empirical formula

Fe,SbeMoe MegTe QNa Oy (S1O);

wherein Me is at least one element selected from the
group consisting of V and W,

Q is at least one element selected from the group
consisting of Cu, Mg, Zn and Ni, and

the subscripts a, b, ¢, d, e, f, g, b and 1 each represents
atomic ratios such that when a=10; b=13 to 28;
c=0.11025d=005tol;e=0.2t05;f=0to 4 (in
which case b=13 10 20), or f=2 to 6 {in which case
b=20 to 28); g=0 to 3; h=the number of oxygens
corresponding to the oxide formed by the combina-
tion of the components, and 1=23 to 200:

in a fluidized bed catalytic reaction zone at a tempera-
ture of about 380 to about 500" C. and a pressure of
about 0.2 to about 3 kg/cm?2-G while adjusting the
propylene/oxygen/ammonia molar ratic to about
l:about l:about 0.8 to about 1:about 4:about 3;

(11} the catalyst being prepared by

(D) intimately mixing starting materials for the Fe,
Mo, Me, Te and Q components 1in a form soluble 1n
water or nitric actd, a starting matenal for the Sb
component, and silica sol which may or may not
contain an Na component, thereby to form a slurry
containing these components and having a non-
volat.i]é_'solids content of about 10 to about 50% by
weight:

(2) so that the composition of the final catalyst 1s
within the range expressed by the empirical for-
mula above;

(3) spray-drying the resulting slurry, and

(4) calcining the resulting spray-dried particles at a
temperature of about 600 to about 950° C. thereby
to form a catalyst with a composition within the
above empirical formula and with all of the Mo,
Me, and Te components substantially dissolved in
an iron/antimony oxide compound (FeSbQO4) in the
form of a solid solution.

34 Claims, 3 Drawing Figures
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PROCESS FOR PRODUCTION OF
ACRYLONITRILE

This application is a Continuation application of Ser.
No. 786,740, filed Apr. 11, 1977, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for producing
acrylonitrile by a vapor-phase catalytic ammoxidation
of propylene. More specifically, the invention relates to
a process for producing acrylonitrile by the vapor-
phase catalytic ammoxidation of propylene using a sili-
ca-supported multi-promoted iron/antimony oxide flu-
idized catalyst.

2. Description of the Prior Art

Since acrylonitrile i1s currently produced in very
large quantities by the vapor-phase catalytic ammoxida-
tion of propylene, even a slight increase in the yield of
acrylonitrile results in a large economical advantage.
Continuing efforts have therefore been made to develop
catalysts having superior performance for the produc-
tion of acrylonitrile. In view of recent concerns on
environmental problems, development of catalysts
which can be used to produce acrylonitrile in high
vields with reduced amounts of byproducts, difficult to
dispose of, has been strongly desired.

A large number of catalysts useful for the production
of acrylonitrile by the vapor-phase catalytic ammoxida-
tton of propylene are known, and many patents have
been 1ssued on these catalysts. However, only a few of
them show superior results feasible for commercial
operations.

An iron/antimony oxide mixed catalyst useful in the
vapor-phase catalytic ammoxidation of propylene is
disclosed in Japanese Patent Publication No.
19111/1963 (Japanese Pat. No. 420,264), U.S. Pat. No.
3,197,419, and British Pat. No. 983,755. Moreover, im-
proved results are obtained by the addition of particular
additives to such a catalyst, as disclosed in U.S. Pat.
Nos. 3,338,952, 3,542,843, 3,591,620, 3,668,147,
3,716,496, and 3,988,359. These catalysts, however, are
not entirely satisfactory from the standpoint of the yield
of acrylonitrile and other properties when a fluidized
bed catalytic reactor, which is advantageous in the
commercial production of acrylonitrile, is used. In par-
ticular, the catalyst disclosed in U.S. Pat. No. 3,988,359
has many advantages, but the strength of this catalyst is
not satisfactory for use in a fluidized bed.

SUMMARY OF THE INVENTION

Continued investigations on the catalysts disclosed in
U.S. Pat. Nos. 3,668,147, 3,716,496, and 3,988,359 have
been made in order to achieve further improvements.
These investigations have led to the discovery that the
catalytic activities of the catalysts described in these
patents are further increased and they have superior
strength suitable for use in a fluidized bed catalytic
reactor by using Mo and at least one of V and W as an
Me component, selecting four kinds of metallic compo-
nents as a stick-inhibiting component, selecting silica as
a carrier component and limiting the amount of Na
component carried over mainly from silica sol to below
a certain value, restricting the composition of the cata-
lyst to a very narrow range, and producing the catalyst
by the method to be described hereinbelow.
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Thus, an object of this invention is to provide a pro-
cess for producing acrylonitrile by the vapor-phase
catalytic ammoxidation of propylene, which can be
used to produce acrylonitrile in high yields, maintain
high acrylonitrile yields over long periods of time even
when the molar ratio of oxygen to propylene is low,
produce acrylonitrile in high vyields even when the
molar ratio of ammonia to propylene is low, and main-
tain high acrylonitrile yields under elevated pressures,
and enable the loss of catalyst to be extremely reduced.
This object is achieved by using a multi-promoted iron-
/antimony oxide fluidized catalyst of a composition
within a narrow range and of a specified catalyst struc-
ture, which comprises an oxide of iron, an oxide of
antimony, an oxide of molybdenum, an oxide of at least
one metal selected from the group consisting of V and
W, an oxide of tellurium, an oxide of at least one metal
selected from the group consisting of Cu, Mg, Zn and
Ni, and silica.

The present invention provides a process for produc-
ing acrylonitrile by the vapor-phase catalytic ammoxi-
dation of propylene, in the presence of a catalyst in
which Mo, Me and Te components are dissolved in an
iron/antimony oxide compound (FeSbQOg4) to form a
solid solution, with the catalyst being prepared by

(1) mmtimately mixing starting materials for the Fe,
Mo, Me, Te and Q components in a form soluble in
water or nitric acid, a starting material for the Sb com-
ponent, and silica sol containing or not containing any
Na component, thereby to form a slurry containing
these components and having a non-volatile solids con-
tent of about 10 to about 50% by weight,

(2) so that the composition of the resulting catalyst is
within the range expressed by the following empirical
formula

Fe,SbpMoMe Te QNagO4.(Si02);

wherein Me is at least one element selected from the
group consisting of V and M, Q is at least one element
selected from the group consisting of Cu, Mg, Zn and
Ny, and subscripts a, b, ¢, d, e, f, g, h and 1 each repre-
sents the atomic ratios of the indicated components such
that when a=10; b=13t0 28; ¢c=0.1t02.5; d=0.05 to
l; e=0.2 to 5; f=0to 4 (in which case b=13 to 20), or
f=2 to 6 (in which case b=20to 28), g=0 to 3, h=the
number of oxygens corresponding to an oxide formed
by the combination of the components, and i=25 to
200, -

(3) spray-drying the slurry, and

(4) calcining the resulting particles at a temperature in
the range of about 600° to about 95° C.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIGS. 1 to 3 are X-ray diffraction patterns of cata-
lysts prepared in accordance with this invention and
catalysts for comparison as described in the Examples
herein.

DETAILED DESCRIPTION OF THE
INVENTION

It 1s important that catalysts used in catalytic reactors
with a fluidized bed, which is advantageous for the
commercial production of acrylonitrile, should be capa-
ble of producing acrylonitrile in good yields, permit a
moderate rate of reaction, have sufficiently high
strength, and undergo little changes in activity and
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properties in long-term use. Accordingly, it 1s important
to select the composition of the catalyst and establish a
method for catalyst preparation, so that the resulting
catalyst will meet these requirements.

A catalyst comprising an iron/antimony oxide only as
an active ingredient i1s essentially weak 1n a reducing
atmosphere. Ammoxidation in a low oxygen concentra-
tion using this catalyst results in reduced acrylonitrile
yields, and in an extreme case, the catalyst is perma-
nently degenerated. U.S. Pat. No. 3,668,147 discloses
that the catalytic activity in low oxygen concentrations
can be maintained by adding an oxide of at least one
metal selected from the group consisting of V, Mo and
W. Furthermore, U.S. Pat. No. 3,988,359 discloses that
as a result of adding this metal oxide, high acrylonitrile
yields can be maintained even when the partial pressure
of ammonia is low (that 1s, even when the molar ratio of
ammonia to propylene is decreased).

However, on further investigations, it was ascer-
tained that the operations and effects of V, Mo and W
differ from one another in minute details. Specifically, it
was found

(1) the Mo and V components have a greater effect of

inhibiting catalyst degradation in an atmosphere con-
taining a low oxygen concentration than the W compo-
nent:

(ii) the Mo and V components have a greater effect of

inhibiting the decrease of the acrylonitrile yield at a low
ammonia/propylene molar ratio than the W compo-
nent;

(ii1) these three components exhibit greater effects (i)
and (11) the larger the amount thereof added, but the Mo
component provides higher acrylonitrile yields over a
broader range of amounts of the Mo component added
than the V and W components;

(iv) the decrease of the acrylonitrile yield caused by
an increase in the reaction pressure i1s of a lower degree
when the Mo component is used than when the V and
W components are used; and
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(v) the effects of the Mo component on the rate of 40

reaction are lower than those of the V and W compo-
nents.

Although it had long been known that the smaller the
amounts of these three components added, the easier it
i1s to form a solid solution at the time of finally calcining
the catalyst, it was made clear that the catalyst has a
higher strength with smaller amounts of these three
components.

Based on the information obtained, an Mo component
was used in conjunction with at least one of V and W
components. As a result, the effects of addition are not
reduced even if the total amount of the three compo-
nents is decreased, and rather, within a specified range,
the effects of the addition can be enhanced. Therefore,
a catalyst which has sufficiently high attrition resistance
to withstand commercial use as a fluidized catalysts has
been successfully developed, and moreover, the catalyst
1s easy to produce.

It has also been found that since the Mo component,
whose effect on the rate of reaction i1s small, is always
present in the catalyst used in the present invention, and
since the amount of the V and W components, whose
effects on the rate of reaction are greater, are decreased,
the rate of reaction can be easily adjusted so that such is
moderate, and that this capability 1s exceedingly effec-
tive.

If it is desired to provide a sufficient rate of reaction
by adding only an Mo component, the amount of the
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Mo component should be increased, and difficulties will
occur. For example, the vield of acrylonitrile and the
strength of the catalyst are reduced, and because of a
susceptibility to sintering, the final calcination condi-
tions are difficult to select. These difficulties can also be
eliminated by using the Mo component in conjunction
with at least one of the V and W components.

Iron and antimony components which are basic com-
ponents of the catalyst used in this invention are se-
lected such that the atomic ratio of the antimony com-
ponent to the iron component is 13 to 28 (preferably 15
to 25):10.

If the amount of the antimony compound is above the
upper limit specified above, a slow rate of reaction
results, and the catalyst has insufficient strength as a
fluidized catalyst. Even if the catalyst has sufficiently
high 1nitial strength, the strength gradually decreases as
it 1s used over long periods of time in the synthesis of
acrylonitrile. Furthermore, since, as disclosed in U.S.
Pat. No. 3,716,496, sticks consisting of free antimony
oxide tend to be formed at the time of the final calcina-
tion of the catalyst, a stick-inhibiting component needs
to be added in large quantities, in which case the activ-
ity of the catalyst 1s likely to decrease. On the other
hand, when the amount of the antimony component is
below the lower limit specified above, the yield of acry-
lonitrile decreases.

Not only are the molar ratios of the iron component
to the antimony component important, but also it is
important for these components to be present as an
iron/antimony oxide compound (FeSbOy).

As stated hereinabove, the Mo and Me components,
the latter being at least one of V and W, are used in
combination in the catalyst used in the present inven-
tion.

The amount of the molybdenum component 1s se-
lected within a narrow range expressed by an Mo/Fe
atomic ratio of 0.1 to 2.5 (preferably 0.1 to 1.5):10. If the
molybdenum component is added in an amount larger
than the upper limit of this range, the strength of the
catalyst 1s reduced, and 1t i1s difficult to form a sohid
solution at the time of the final calcination of the cata-
lyst. On the other hand, if the amount of the molybde-
num component is lower than the lower limit of this
range, the high activity of the catalyst obtained cannot
be maintained at a low oxygen/propylene molar ratio
and a low ammonia/propylene molar ratio and under
increased reaction pressures.

The amount of the Me component is selected within
a narrow range expressed by an Me/Fe atomic ratio of
0.05 to 1 (preferably 0.05 to 0.7):10. When the Me com-
ponent is added in an amount larger than the upper limit
of this range, the strength of the catalyst is reduced, and
it is difficult to control the rate of reaction and also to
form a solid solution at the time of the final calcination
of the catalyst. On the other hand, if the amount is
below the lower limit of this range, the high activity of
the catalyst cannot be maintained at a low oxygen/pro-
pylene molar ratio and a low ammonia/propylene
molar ratio.

As a result of using the Mo component together with
at least one of V and W, the amounts of these compo-
nents required for them to fully exhibit the above-
described effects can be decreased as compared with
the case of using the Mo, V and W components individ-
ually. It is especially preferred therefore that, in terms
of atomic ratio, 0.5 to 1.2 of the (Mo 4+ Me) component
be added to 10 of the iron component.
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U.S. Pat. No. 3,668,147 states that the inclusion of a
tellurtum component can result in an increase in acrylo-
nitrile selectivity. In the catalyst used in this invention,
the effect of the tellurium component is the same as that
described in U.S. Pat. No. 3,668,147. The amount of the
tellurium component, however, is related to the
amounts of the molybdenum component and the Me
component. In the catalyst used in this invention, the
amount of the tellurium component is selected within a
range expressed by a Te/Fe atomic ratio of 0.2 to 5
(preferably 0.5 to 4):10. If the Te component is added in
an amount larger than the upper limit of this range, the
rate of reaction is low, and the catalyst is not commer-
cially feasible. On the other hand, if the amount of the
Te component is below the lower limit described above,
the acrylonitrile selectivity is decreased.

When the antimony content is higher than the iron
content In iron/antimony oxide catalysts, sticks (minute
spiniferous materials formed on the surface of catalyst
as projections} composed of free antimony oxide
(mainly antimony tetroxide) are frequently formed in
the step of calcination performed at high temperatures
sO as to impart the desired activity to the catalyst. The
sticks separate from the catalyst during use, scatter as
tacky minute fragments and may cause difficulties in
blocking pipings, for example. The formation of such
sticks can be prevented by adding a metallic component
which reacts with antimony oxide during the calcina-
tion of the catalyst without impairing the activity of the
catalyst, as disclosed in U.S. Pat. No. 3,716,496.

In the catalyst used in this invention, as well, at least
one metallic component selected from the group con-
sisting of Cu, Mg, Zn and Ni is added as component Q.
The effect of this metallic component Q in inhibiting
stick formation is the same as that disclosed in U.S. Pat.
No. 3,716,496. The limitation of the Q component to the
four metals described above is due to the fact that they
sufficiently inhibit stick formation and tend to increase
the yield of acrylonitrile rather than to the mere fact
that they have sufficient effect of preventing stick for-
mation without impairing catalytic activity. Further-
more, by selecting the amount of the stick-inhibiting
component, both the rate of reaction and the propor-
tions of various by-products can be controlled suitably.

The amount of the component Q added to the cata-
lyst used in this invention varies depending on the ratio
between the iron and antimony components. The reason
for this will be understandable from the fact that since
the sticks consist mainly of antimony tetroxide as stated
hereinabove, stick formation occurs only when the
Sb/Fe atomic ratio in the catalyst is high, and that stick
formation tends to occur to a greater extent as this ratio
becomes higher.

Thus, when the Sb/Fe atomic ratio in the catalyst is
13 to 20:10, the Q component is added in an amount
expressed by a Q/Fe atomic ratio of 0 to 4 (preferably O
to 3):10. When the Sb/Fe atomic ratio is 20 to 28:10, the
Q component is added in a Q/Fe atomic ratio of 2 to 6
(preferably 2 to 5):10. The ranges of the amount of Q
component added partly overlap each other. This is
because even when the Sb/Fe atomic ratio is the same,
sticks tend to be formed at high calcination tempera-
tures, and the optimum calcination temperature for the
catalyst vanes depending on changes in the amounts of
the Mo, Me and Te added.

U.S. Pat. No. 3,716,496 states that when the Sb com-

ponent 1s present in an amount of less than 20 per 10 of
the iron component, in terms of atomic ratio, there is
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very little likelihood of stick formation even in the ab-
sence of the Q component, and therefore, it is not neces-
sary to add a stick inhibitor. However, since the Q
component used in the present invention has additional
effects such as increasing the acrylonitrile yield, con-
trolling the rate of reaction, and controlling the propor-
tions of various by-products formed, the addition of a
small amount of the Q component frequently gives rise
to good results even when the Sb/Fe atomic ratio is less
than 20:10 (except when the amount of antimony is
particularly small).

If the amount of the Q component is larger than the
upper limit of the above-mentioned range, the yield of
acrylonitrile 1s reduced. If the antimony component is
present in an amount of 20 to 28 per 10 of the iron
component, in terms of atomic ratio, and the amount of
the Q component is below the lower limit specified
above, satisfactory inhibition of stick formation is not
achieved.

Stlica i1s used as a carrier component in the catalyst
used in this invention, because it is superior to other
carrier components with regard to the strength of the
fluidized catalyst, because it scarcely reacts with the
active ingredients of the catalyst (alumina, for example,
tends to react with the antimony component), and be-
cause 1t does not adversely affect the activity of the
catalyst. Use of silica imparts a strength feasible as a
fluidized catalyst, and provides a moderate particle
density for achieving a good fluidized condition.

The amount of silica is selected within a range ex-
pressed by a silica/iron atomic ratio of 25 to 200 (prefer-
ably 40 to 150):10. If the silica is used in an amount
larger than the upper limit of this range, the active
ingredients of the catalyst are diluted, and sufficient
catalytic activity is not exhibited. Moreover, the parti-
cle density decreases to increase losses of the catalyst
due to scattering. On the other hand, amounts below the
lower limit increase the particle density too much and
thus reduce the fluidizability of the catalyst. Reduced
flutdizability results in decreased acrylonitrile yields.

Silica sol is used as a starting material for the silica.
Since silica sol is usually produced from sodium silicate,
it tends to contain a sodium component. Furthermore, a
small amount of sodium is sometimes added to stabilize
the sol. Care much be taken when a silica sol containing
sodium ts used. The same care must also be taken as to
the inclusion of sodium in the starting materials for the
other ingredients. The reason is that if sodium is present
in an amount larger than a certain critical value in the
catalyst used in the present invention, the yield of acry-
lonitrile decreases.

Some molybdenum/bismuth/iron catalysts for pro-
duction of acrylonitrile require the presence of a ceriain
amount of alkali metals (for example, those described in
U.S. Pat. No. 3,766,092, and Japanese Patent Applica-
tions (OPI) Nos. 47476/73 and 129519/75). In the cata-
lyst used in the present invention, sodium is not an ac-
tive ingredient, but is rather considered to be a detri-
mental component. No clear reason is presently known
for this difference, but it is presumed that the catalyst
used 1n this invention is rather basic compared with
molybdenum/bismuth/iron catalysts, and the presence
of sodium increases the basicity of the catalyst exces-
sively.

The amount of the sodium component allowable in
the catalyst of the invention is less than 3, preferably
less than 1.5, per 10 of iron, in terms of atomic ratio. It
1S not necessary to remove sodium completely from the
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silica sol at additional expense. For practical purposes,
the sodium component can be present preferably in an
amount of 0.05 to 1.5 per 10 of iron, in terms of atomic
ratio.

U.S. Pat. No. 3,988,359 describes 1n detail that the
iron/antimony oxide should be present as an iron/an-
timony oxide compound (FeSbO4) in order for 1t to act
effectively as a catalyst for the ammoxidation of propy-
lene and also widely as a catalyst for the oxidation and
the oxidative dehydrogenation of olefins; and that in
order for a multi-promoted iron oxide/antimony oxide
catalyst having at least one component selected from V,
Mo and W, Te and Q added thereto to act effectively as
a catalyst for the ammoxidation of propylene, the V,
Mo, W and Te components should be dissolved in the
iron/antimony oxide compound (FeSbO4) to form a
solid solution.

Just as is the case in U.S. Pat. No. 3,988,359, 1n the
catalyst used in this invention, the Mo, Me (1.e., V and-
/or W) and Te should be dissolved in the iron/antimony
oxide compound (FeSbO4) to form a solid solution.
When the above-described components are present as
separate oxides, they scarcely contribute to the function
of the catalyst in many cases. Especially when the Mo
and Me are present in the free state, the yield of acrylo-
nitrtle evidently decreases.

Accordingly, the catalyst used in this invention
should be prepared by selecting starting materials and
preparing a slurry of the starting materials in the man-
ner to be described hereinbelow.

Starting Matenals for the Catalyst

For the Fe, Mo, Me, Te and Q components, starting
materials soluble in water or nitric acid are used. A
starting material having high reactivity is used for the
Sb component.

Starting materials which can be used to provide the
iron component in the catalyst are, for example, iron
salts of inorganic acids such as 1iron nitrate or iron chlo-
ride, and iron salts of organic acids such as iron acetate
or iron oxalate. Iron hydroxide can also be used, and
metallic iron, preferably electrolytic iron powder may
be used by dissolving such in heated nitric acid. Since 1t
1S important for any starting matenal for iron to be
intimately mixed with the other components, it should
be in a form soluble in water or nitric acid.

Suitable starting matenials for the antimony compo-
nent include, for example, antimony trioxide, antimony
tetroxide, and antimony pentoxide. Substances which
will finally become a stable oxide of antimony after
chemical treatment, calcination treatment, etc. can also
be used. For instance, various antimony hydroxides,
and a product obtained by oxidizing metallic antimony
with nitric acid can be used. Also, easily hydrolyzable
antimony salts, for example, antimony halides such as
antimony trichloride or antimony pentachloride can be
used. Hydrous oxides obtained by hydrolyzing these
antimony halides can also be used.

Examples of suitable starting materials for the molyb-
denum component are ammonium molybdate, molybdic
acid, and a solution of molybdenum trioxide in aqueous
ammonia.

Ammonium metavanadate and vanadyl oxalate can
be cited as suitable starting materials for the vanadium
component. A solution of vanadium pentoxide in aque-
ous hydrogen peroxide can also be used.
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Examples of suitable starting materials for the tung-
sten component are ammonium tungstate and tungstic
acid.

Starting materials for the tellurtum component which
are suitable are, for example, tellurous acid, telluric
acid, and tellurium dioxide. A solution of metallic tellu-
rium or tellurium oxide in nitric acid can also be used.

Starting materials which can be used to furnish the Q
component, i.e., the copper, magnesium, zinc and nickel
components, are preferably nitrates of these compo-
nents. A solution of each metallic component, an oxide,
thereof or a hydroxide thereof in nitric acid can also be
used.

As stated hereinabove, silica sol is used as a starting
material for the silica used as a carrier component. Silica
sol can be produced using many conventional methods
such as acid decomposition or electrolytic dialysis of
sodium silicate, hydrolysis of methyl silicate, peptiza-
tion of silica gel, or ion exchange of sodium silicate.
Conveniently, commercially available silica sols can be
suitably employed. Many kinds of commercially avail-
able silica sols are known, and care must be taken as to
their sodium content as described hereinabove. Since
many of the commercially available silica sols are pre-
pared from sodium silicate, they tend to contain sodium.
The starting silica sol should therefore be selected such
that the sodium content of the final catalyst ts less than
3, preferably less than 1.5, per 10 of the iron component,
in terms of atomic ratio. Preferred examples of silica
sols are those which have a silica concentration of about
5 to about 90% by weight, preferably about 10 to about
60% by weight, a silica particle diameter of about 5 to
about 100 mu, and an Si02/Na;O weight ratio of at
least about 30. Silica sols having the same sodium con-
tent may result in an increase in the amount of sodium
included in the catalyst as the silica content of the cata-
lyst is increased, and care must be taken in this regard.

Preparation of the Starting Material Slurry

In the catalyst used in this invention, the Mo, Me and
Te components must be dissolved in the iron/antimony
oxide compound to form a sohd solution. It 1s necessary,
therefore, for the slurry prepared from the above-
described starting materials for the catalyst ingredients
to be highly uniform. Needless to say, the individual
materials should be fully mixed in the slurry thus pre-
pared, and as good a dispersion of these ingredients as
possible should be maintained. The order of adding
these starting materials 1s not critical, and may be deter-
mined optionally in view primarily of the ease of opera-
tion.

Use of the method disclosed in U.S. Pat. Nos.
3,657,155 and 3,686,138 provides advantageous results
in enhancing the strength of the catalyst. This method
involves adjusting the pH of the slurry containing the
above-described materials to not more than about 7
(preferably about 1 to about 4) e.g., by adding an alkal:
such as ammonia or an acid such as nitric acid while
thoroughly mixing the slurry, and then heat-treating the
slurry at a temperature of about 40° to about 150° C.
(preferably about 80° to about 100° C.) for at least 20
minutes (preferably about 1 to about 12 hours) while
maintaining a slurry form. When such a treatment of the
sturry is performed, it is necessary for at least a part of
each of the Fe and Sb materials and silica sol to be
present in the slurry prior to pH adjustment (when a
trivalent antimony compound 1s used as a starting mate-
rial for the Sb component, it is necessary for nitrate 1on
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to be present also). The Mo, Me, Te and Q materials
may be mixed mmtially, or may be mixed after the heat-
treatment of the slurry.

In order to increase the strength of the catalyst, it 1s
also preferred to employ a method in which the pre-
pared slurry 1s spray-dried, calcined and pulverized, and
the resulting powder 1s mixed with silica sol to prepare
a slurry again. Specifically, this method comprises inti-
mately mixing the starting materials for the Fe, Mo, Me,
Te, Q and Sb components and a part of the silica sol to
prepare a slurry, then spray-drying the slurry prepared,
calcining the resulting particles at a temperature within
the range of about 600° to about 950° C., then pulveriz-
ing the resulting calcined particles to a fine powder, and
mixing the remainder of the silica sol with the resulting
powder to form a slurry again.

Spray-Drying the Slurry

The slurry thus prepared is then spray-dried to form
fine spherical particles. Any known spray-drying
method can be used as desired. Various spray-drying
devices such as a high-pressure nozzle type device, a
rotary disc-type device, or a two fluid nozzle-type de-
vice can be used. The concentration of the slurry to be
spray-dried i1s about 10 to about 50% by weight calcu-
lated on the basis of the oxides of the elements forming
the catalyst (non-volatile solids content). Although this
range 1S not critical, concentrations below the lower
limit of this range are economically disadvantageous,
and concentrations above the upper limit of this range
are mconvenient in handling the slurry.

Spray-drying is carried out under appropriately con-
trolled conditions with appropriately adjusted slurry
concentrations soO that the desired particle size distribu-
tion can be obtained. Generally, in spray-drying a suit-
able gas inlet temperature can range from about 200° to
about 400" C. and an average residence time is on the
order of several seconds. Suitably, a moisture level of
less than 10% by weight in the spray-dried particles is
obtained. Calcination sometimes may cause some
change in the particle size distribution obtained, but
usually there is not very much change. Accordingly,
the particle size distribution of the final catalyst can be
adjusted by appropriately choosing the spray-drying
conditions.

Calcination of the Catalyst

The fine particulate catalyst after spray-drying is
calcined to impart a high degree of activity to the cata-
lyst. The calcination conditions are important in the
activation of the catalyst. The optimal calcination con-
ditions vary depending on the composition of the cata-
lyst and the method of catalyst preparation, but the
particulate catalyst is finally calcined at a temperature
in the range of about 600° to about 950° C. Preferably,
the spray-dried catalyst is calcined at a temperature of
about 200° to about 600° C. for about | to about 50
hours, and then finally at about 600° to about 950° C. for
about 1 to about 50 hours. The atmosphere in which
calcination is performed is preferably non-reducing e.g.,
in an atmosphere such as air, a mixture of an inert gas
such as nitrogen and argon, etc.. It is preferred to per-
form the calcination in a stream of air.

Many types of calcining devices, such as a tunnel
furnace, a rotary furnace or a fluidization furnace, can
be used. For commercial operations, a rotary furnace
and a fluidization furnace are preferred. Since the final
calcination is carried out at high temperatures, the use
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of a fluidization furnace in which the temperature distri-
bution 1s good and where caking of the catalyst does not
occur during calcination is preferred. For example, the
fluidizing calcination can be carried out by the method
disclosed in Japanese Patent Publication No. 3756/75 in
which calcination is carried out in a fluidized bed device
containing a catalyst in the fluidized bed portion with a
ratio of the cross-sectional area of the upper surface to
that of the bottom being 1.2 to 3, setting the bottom as
a standard, while maintaining the apparent linear veloc-
ity in a column of a fluidizing gas at not less than 15
cm/sec. at the bottom and at not more than 60 cm/sec.
at the upper surface.

In the present invention, propylene used is not limited
to substantially pure propylene, but may be a mixture of
propylene with a paraffinic hydrocarbon such as eth-
ane, propane or butane. When a mixture of propylene
with other materials is used a suitable concentration is
about 50% by volume propylene.

In the present invention, oxygen may be employed in
any form, but for economic reasons, air is preferred. Air
may be used diluted with an inert gas with the inert gas
being present in an amount of about 219% by volume to
about 70% by volume, or as suitably enriched with
oxygen, as desired.

Generally, the partial pressure of propylene is some-
times increased in the production of acrylonitrile in
order to increase productivity. In such a case, the acry-
lonttrile selectivity usually decreases. The catalyst used
in this invention, however, reduces the degree of de-
crease in acrylonitrile selectivity. This gives rise to the
advantage that the process of the present invention can
be performed under increased partial pressures of prop-
vlene (caused by a decrease in the partial pressure of
nitrogen) by using air enriched with oxygen.

The oxygen/propylene molar ratio in the feedstock
supplied to the reactor in the present invention is within
a range of from about 1:1 to about 4:1. A suitable oxy-
gen concentration fed is about 10 to about 30% by
volume of the feed. Since the catalyst used in this inven-
tion provides a high acrylonitrile selectivity, relatively
low oxygen/propylene molar ratios, i.e. from about
1.53:1 to about 2.5:1, suffice. By reducing the oxygen/-
propylene molar ratio, namely by decreasing the
amount of air used, the output (space time yield) of
acrylonitrile per unit time per unit volume of the reac-
tor, namely productivity, can be greatly increased. In
addition to providing high acrylonitrile selectivity, the
catalyst used in this invention has superior catalytic
activity even when the partial pressure of oxygen is
low.

The ammonia/propylene molar ratio in the feedstock
supplied to the reactor can be varied within a range of
from about 0.8:1 to about 3:1, preferably from about
0.9:1 to about 1.5:1. The catalyst used in this invention
might cause the oxidative decomposition (i.e., burning)
of ammonia in the absence of propylene (i.e., in the
presence of ammoma and air alone). However, in the
copresence of propylene, namely under actual ammoxi-
dation reaction conditions, there is no substantial burn-
ing of ammonia. Moreover, this catalyst does not in-
crease the amounts of by-products as is the case with
conventional catalysts even if the ratio of ammonia fed
decreases. In this case, only the amount of HCN formed
somewhat decreases and acrolein 1s formed in a tiny
amount, but the formation of acrylic acid is not ob-
served. Accordingly, there is substantially no signifi-
cance in using ammonia in excess. Thus, it is especially
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preferred that the ammonia/propylene molar ratio 1n
the feed-stock supplied to the reactor be from about
0.9:1 to about 1.15:1.

By decreasing the ratio of ammonia fed, the amount
of unreacted ammonia which flows out from the reactor
and remains in the reacted gaseous product can be de-
creased. Consequently, the amount of acid (usually
sulfuric acid) to be consumed for neutralizing ammonia
in the effluent gas can be reduced. This further results in
the advantage that the amount of ammonium salts (usu-
ally ammonium sulfate) contained in the waste water
from acrylonitrile manufacturing facilities can be re-
duced, and the treatment of the waste water 1s facili-
tated. Accordingly, in addition to providing high acry-
lonitrile selectivity, the catalyst used in this invention
has superior catalytic activity even when the partial
pressure of ammonia is low.

Since the catalyst used in the invention does not cause
a burning of ammonia, the amount of oxygen consumed
1s small in this regar also, and therefore, the oxygen/-
propylene molar ratio and the oxygen/ammonia molar
ratio in the feedstock can be reduced, thus providing the
advantage of greatly increasing productivity. Burning
of ammonia tends to form nitrogen oxide (NOx) which
causes a serious problem of atmospheric pollution. The
catalyst of the invention, which does not cause a burn-
ing of ammonia 1s quite free from this problem.

In the vapor-phase catalytic oxidation and the am-
moxidation reaction, i1t has been the frequent practice to
feed water into the reaction system 1n order to increase
the selectivity of the desired product (to further inhibit
a burning of ammonia in the case of the ammoxidation
reaction). There are many examples in which water is
added also in the ammoxidation of propylene. In the
present invention, however, there 1s scarcely any need
for water addition which is disadvantageous both from
an energy and operational standpoint, since the catalyst
used does not cause a burning of ammonia and, even in
the absence of water, a sufficiently high acrylonitrile
selectivity can be maintained. However, water may be
added as needed because at times the addition of a
minor amount of water has an effect of somewhat inhib-
iting the formation of by-products, especially gaseous
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water 1s not more than 2 moles per mole of propylene
fed.

The composition of the feed gas described herein-
above 1s with regard to the total sum of gases entering
the reactor. The feed gas may be passed incrementally
to the reactor.

In the present invention, a suitable reaction tempera-
ture 1s within a range of about 380° to about 500° C.,
preferably within a range of about 400" to about 480° C.

A suitable reaction pressure is within a range of about
0.2 to about 3 kg/cm?-G, preferably within a range of
about 0.3 to about 1.5 kg/cm2-G. In the production of
acrylonitrile by an ammoxidation reaction, elevated
reaction pressures tend to reduce acrylonitrile yields. In
spite of this, the reaction i1s usually carried out at some-
what high pressure because of the economical advan-
tage that the output of acrylonitrile per unit volume of
reactor (space time yield) increase. With the catalyst
used 1n this invention, too, elevated reaction pressures
tend to reduce acrylonitrile yields to some extent, but
the degree of reduction is smaller than with conven-
tional catalysts. Thus, the catalyst in accordance with
this invention 1s also tmproved 1n this respect.
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A suitable apparent contact time is within a range of
about 1 to about 30 seconds, preferably within a range
of about 2 to about 20 seconds.

Even when catalysts have superior performance at an
early stage in their use, they are not superior commer-
cial catalysts unless their performance lasts over long
periods of time under economical reaction conditions.
The catalyst used in this invention is superior in this
respect, too, and retains its high performance over long
periods of time under severe reaction conditions.

The process of this invention is performed using a
fluidized bed catalytic reactor. Commercial-scale pro-
duction of acrylonitrile is performed using a fixed bed
catalytic reactor and a fluidized bed catalytic reactor.
The latter type of reactor has many advantages, and has
gained widespread acceptance. For example, with this
type of reactor the reaction temperature can be main-
tained uniform, heat removed easily, the concentration
of the starting gas, increased and a large size can be
easily bult.

Since the catalyst in accordance with this invention is
used in a fluidized bed catalytic reactor, the particle size
distribution and strength of the catalyst are important.

A suitable particle size distribution is such that cata-
lyst particles having a size within a range of about 20 to
about 200 microns account for at least about 80% by
weight of the entire particles. If the amount of very fine
particles 1s excessively large, increasing losses of cata-
lyst during operation occur. On the other hand, when
the proportions of large particles is too high the fluid-
ized condition of the catalyst at the time of reaction
becomes poor, and the results of reaction are unsatisfac-
tory.

Catalysts having low strength cannot be commer-
cially used even if good acrylonitrile yields are
achieved. This 1s because the unit production cost as-
signed to the catalyst increases to raise the cost of acry-
lonitrile.

The catalyst used in this invention has a high perfor-
mance and a high strength even when used over long
periods of time under reaction conditions which are
advantageous for commercial production of acryloni-
trile.

The reaction product can be recovered by any de-
sired method known in the art. For example, the efflu-
ent gas from the reactor 1s washed with cold water or
with a solvent suitable for the extraction of acrylonitrile
to separate HCN and acetonitrile as well as the desired
acrylonitrile, followed by further separation and recov-
ery of the desired acrylonitrile.

The following Examples and Comparative Examples
are given to specifically illustrate embodiments and
advantages of the present invention.

The vyield and selectivity of the product as used
herein are defined as shown below.

Conversion of
Propylene (%)

Weight of Carbon in
the Product

(= yield of — Weight of Carbonin_ < '
the product) Propylene Fed

Weight of Carbon in
Selectivity (%) = ——eroduct X 100

Weight of Carbon in
Propylene Reacted
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Catalyst Preparation

Catalysts Nos. 1 to 14 are in accordance with this
invention, and Catalysts Nos. 15 to 24 are comparison
catalysts for demonstrating the significance of the pres-
ent invention.

In preparation of the catalysts, three kinds of silica sol
shown in Table 1 were used. In Table 2, the stlica sols
used are designated as A, B or C according to the de-
scriptions in Table 1.

TABLE 1

Silica Sols Description

Silica Sol
A B C
5105 Concentration
{7c by weight) 20 30 30
S1075/NarO Weight Ratio 666.7 107.1 46.2

The catalysts were prepared as follows:

Catalyst 1

A catalyst having the empirical formula Fe|oSbi.
sMog 3Wo.2Tep.sNag.15047.6(5102)s50 was prepared using
the following procedure.

Powdery antimony trioxide (1.749 kg) was employed.
(I)

Electrolytic iron powder (0.447 kg) was employed.
Water (2 liters) and 3.2 liters of nitric acid (specific
gravity 1.38) were mixed and heated. The iron powder
was added incrementally to the mixture to dissolve the
iron. (II)

Ammonium paramolybdate (42.3 g) and 43.2 g of
ammonium paratungstate were dissolved in 500 ml of
water. Furthermore, 91.9 g of telluric acid (HeTeOsg)
was added and dissolved. (I11I)

12.0 Kg of silica sol (silica concentration: 209% by
weight; particle size: 10-20 mp; NaxO content: 0.03%
by weight) was employed. (IV)

(ITI1}, (I1), and (I) were added 1n this order to (IV),
and with good stirring, 15% aqueous ammonia was
added incrementally to adjust the pH to 2. The slurry
was heated at 100° C. for 8 hours with good stirring.
The concentration of the slurry was adjusted to about
20% by weight (calculated as the oxides), and the slurry
was spray-dried in a conventional manner using a rotary
disc-type spray-drying apparatus.

The resulting fine spherical particles were calcined at
250° C. for 8 hours, and at 400° C. for 16 hours in an
externally heated rotary furnace, and finally calcined at
790° C. for 4 hours in a fluidizing calcination furnace
externally heated with an electric heater while fludizing
the catalyst with arir.

The final catalyst obtained had an average particle
size of 63 microns, and contained 6% of particles with a
size of 20 microns or less and 100% of particles with a
size of 149 microns or less.

Catalyst 2

A catalyst having the empirical formula FejoSb;j.
Moo 5V 2Te.2Nag. 15055.6(5102)50 was prepared in the
same way as in the preparation of Catalyst 1 except that
ammonium metavanadate was used instead of the am-
monium paratungstate and the final calcination was
carried out at 770° C. for 4 hours.

Catalyst 3

A catalyst having the empirical formula Fe oSb;.
0Mog sWp sTe1 sCuNizNap 9064.1(5102)30 was pre-
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pared in the same way as in the preparation of Catalyst
1 except that nitrates were used as the starting materials
for the copper and nickel components; these nitrates
were dissolved in a predetermined amount of pure
water and added to a solution of iron nitrate; and the
final calcination was performed at 760° C. for 4 hours.

Catalyst 4

A catalyst having the empirical formula Fe(oSbs.
oMog s Wo.2Te; 7Cuz.sNag.15064.0(S102)50 was prepared
in the same way as in the preparation of Catalyst |
except that copper nitrate was used as a starting mate-
rial for the copper component, and was mixed and dis-
solved in a solution of iron nitrate, and the final calcina-
tion was carried out at 740° C. for 4 hours. The X-ray
diffraction pattern of this catalyst is shown in FIG. 1.

Catalyst 5

A catalyst having the empirical formula Fe[oSb;.
oMo1.0Vo.2Tez sCuisNap 23066.6(S102)s0 was prepared in
the same way as in the preparation of Catalyst 2 except
that copper nitrate was used as the starting material for
the copper component, and dissolved in a predeter-
mined amount of pure water and added to the slurry
which had been heat-treated; and the final calcination
was carried out at 750° C. for 4 hours in an electrically
heated box-type furnace.

Catalyst 6

A catalyst having the empirical formula Fe|oSb;.
oMoy gVo.1 Tez 0Cuz.5Nag 23065.3(Si02)g0 was prepared
in the same way as in the preparation of Catalyst 5
except that metallic tellurium powder was used as the
starting material for the tellurium component; 1t was
added to and dissolved in a solution of electrolytic iron
powder; and the final calcination was carried out at 750°
C. for 5 hours.

Catalyst 7

A catalyst having the empirical formula Fe|oSba;.
0Mog 5V0.1Wg.3Tez 3Cu3Nap 29065.4(5102)100 was pre-
pared in the same way as in the preparation of Catalyst
1 except that antimony pentoxtde hydrate prepared
from antimony pentachloride was used as the starting
material for the antimony component; vanadyl oxalate
was used as the starting material for the vanadium com-
ponent; copper nitrate was used as the starting material
for the copper component; and the final calcination was
carried out at 770° C. for 3 hours.

Catalyst 8

A catalyst having the empirical formula FejgSba.
0Mog.1Vo.1Wo.eTer sZnaNap 23062 5(5102)s0 was pre-
pared in the same way as in the preparation of Catalyst
1 except that ammonium metavanadate was used as the
starting material for the vanadium component; zinc
nitrate was used as the starting material for the zinc
component; and the final calcination was carried out at

760° C. for 4 hours.

Catalyst 9

A catalyst having the empirical formula FeioSba.
0Mog sVo3 TezoCuzMgaNaj 45066.0(S102)50 was pre-
pared in the same way as in the preparation of Catalyst
5 except that magnesium hydroxide, dissolved in nitric
acid, was used as the starting material for the magne-
sium component, and the final calcination was carried
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out at 780° C. for 4 hours in a box-type furnace heated
electrically.

Catalyst 10

A catalyst having the empirical formula FejgSbs.
oMo 0Vo.2 Wo.1Te;.0N1sNag 313063.5(S102)130 was pre-
pared in the same way as in the preparation of Catalyst
1 except that ammonium metavanadate was used as the
starting material for the vanadium component; nickel
nitrate was used as the starting matenal for the nickel
component; and the final calcination was carried out at

760° C. for 4 hours.

Catalyst 11

A catalyst having the empirical formula FejoSbs.
sMo2Vo.06 Tes sCuiNaj 090719 7(8102)s0 was prepared in
the same way as in the preparation of Catalyst 5 except
that the final calcination was carried out at 690° C. for
4 hours.

Catalyst 12

A catalyst having the empirical formula Fe(gSba.
sMojg Wo.1Te; 5CusNay goO15.8(S10O2)60 was prepared
in the same way as in the preparation of Catalyst 1
except as noted below. Antimony trichloride was used
as the starting material for the antimony component. It
was hydrolyzed with aqueous ammonia, and washed
well with water. Copper nitrate was used as the starting
material for the copper component, and it was mixed
and dissolved in a solution of iron nitrate. The final
calcination was carried out at 740° C. for 5 hours.

Catalyst 13

A catalyst having the empirical formula FeoSba;.
sMog.3 WosTez oMgaNag o0075.9(81032)s0 was prepared
in the same way as in the preparation of Catalyst 4
except that antimony pentoxide sol was used as the
starting material for the anttmony component; magne-
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final calcination was carried out at 760° C. for § hours.

Catalyst 14

A catalyst having the empirical formula FepSbs.
TMog.7V 0.2 Tez sCusNap opOs2.1(8102)50 was prepared in
the following manner.

Metallic antimony powder having a particle size of
less than 100 microns (0.974 kg) was employed. Nitric
acid (specific gravity: 1.38; 3.5 liters) was heated to
about 80° C., and the antimony powder was gradually
added to the nitric acid. After the antimony had been
completely oxidized, the excess nitric acid was re-
moved. The resulting oxidation product was washed
five times with 2 liters of water, and pulverized with a
ball mill. (I)

Electrolyzed iron powder (0.447 kg) was employed.
Three liters of nitric acid (specific gravity: 1.38) was
mixed with 4 hiters of water. The mixture was heated to
about 80" C. The iron powder was added gradually to
this mixture to dissolve the iron powder completely.
(II).

Ammonium paramolybdate (98.9 g) was dissolved in
0.5 hiter of water. (I111)

Ammonium metavanadate (18.7 g) was dissolved in 2
liters of water. (I1V)

Telluric acid (459 g) was dissolved in 2.67 kg of silica
sol (silica concentration: 30% by weight; particle diam-
eter: 10 to 20 mu; NayO content: 0.28% by weight). (V)
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(III), (IV), (II) and (I) were added in this order to (V),
and the mixture was stirred well. The resulting slurry
was spray-dried.

The resulting fine spherical particles were calcined at
300° C. for 4 hours, and at 650° C. for 4 hours. Pure
water (2 liters) was added, and the calcined catalyst
particles were wet-pulverized using a vibratory mill to
adjust the particle diameter to less than 10 microns. 5.34
kg of the same silica sol as used in (V) above was added
and mixed well.

The resulting slurry was spray-dried, and the fine
spherical particles obtained were calcined at 200° C. for
4 hours, at 400° C. for 4 hours, and finally at 750° C. for
5 hours. An electrically heated box-type furnace was
used in the calcination.

All of Catalysts | to 14 exhibited the same X-ray
diffraction pattern as Catalyst 4 shown in FIG. 1. The
diffraction intensities of these catalysts varied according
to the concentrations of the catalyst ingredients and the
final calcination temperatures, but the formation of free
oxides of Mo, V, W and Te was not observed.

Catalyst 15

A catalyst having the empirical formula FejpSb;.
5Mo1.0Wo.s TezCugsNaj.p9076.5(S102)e0 was prepared
in the same way as in the preparation of Catalyst 1
except that copper nitrate was used as the starting mate-
rial for the copper component, and mixed with and
dissolved in a solution of iron mitrate:; and the final calci-
nation was carried out at 710° C. for 4 hours. This cata-
lyst had a lower copper content than the catalyst,
within the scope of the invention.

Catalyst 16

A catalyst having the empirical formula FegSbs.
0Moi 5V.1 TesCuaNiaNaj.09090,3(S107)s0 was prepared
in the same way as in the preparation of Catalyst 1
except that ammonium metavanadate was used instead
of the ammonium paratungstate; nitrates were used as
the starting materials for the copper and nickel compo-
nents (predetermined amounts of these are dissolved in
pure water and added to a solution of iron nitrate); and
the final calcination was carried out at 730° C. for 4
hours. This catalyst had a higher antimony content than
the catalysts within the scope of the invention.

Catalyst 17

A catalyst having the empirical formula Fe|gSb;.
8Mo02 7V .1 TesCug.sNap.20096(S102)79 was prepared in
the same way as in the preparation of Catalyst 1 except
that ammonium metavanadate was used instead of the
ammonium paratungstate; copper nitrate was used as
the starting material for the copper component and
mixed with and dissolved in a solution of iron nitrate;
and the final calcination was carried out at 660° C. for 4
hours. This catalyst had a higher molybdenum content
than the catalysts within the scope of the invention. The

X-ray diffraction pattern of this catalyst is shown in
FIG. 2.

Catalyst 18

A catalyst having the emprical formula FeoSba.
sMo1.oWg.1 Tei sCusNag 06075.3(5102)20 was prepared
in the same way as in the preparation of Catalyst 1
except that copper nitrate was used as the starting mate-
rial for the copper component and mixed with and dis-
solved in a solution of iron nitrate; and the final calcina-
tion was carried out at 690° C. for 5 hours. This catalyst
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had a lower silica content than the catalysts within the
scope of the invention. |

Catalyst 19

A catalyst having the empirical formula FeoSbs.
0Mop.2W1.s Tez sNizNag, 15068.2(SiO2)sp was prepared in
the same way as in the preparation of Catalyst 1 except
that nickel nitrate was used as the starting material for
the nickel component and mixed with and dissolved in
a solution of iron nitrate; and the final calcination was
carried out at 750° C. for 4 hours. This catalyst had a
higher tungsten content than the catalysts within the
scope of the invention.

Catalyst 20

A catalyst having the empirical formula FejoShs.
0Mog.sVo.1 Tez oCu2.sNa3 40659(Si02)80 was prepared
in the same way as in the preparation of Catalyst 6
except that Silica Sol C having a high Na content was
used as the silicca sol. The catalyst obtained had a
higher sodium content than the catalysts within the
scope of the invention.

Catalyst 21

A catalyst having the empirical formula FejpSbs.
0MopsWo2 Te1.7Cuz.5Nap 61064.2(8i02)210 was  pre-
pared in the same way as in the preparation of Catalyst
I except that copper nitrate was used as the starting
material for the copper component and mixed with and
dissolved in a solution of iron nitrate, and the final calci-
nation was carried out at 770° C, for 4 hours. The result-
ing catalyst had a higher silica content than the catalysts
within the scope of the invention.

Catalyst 22

A catalyst having the emperical formula FejpSbs.
5sMo01.0Wo.1 Te1.sCuaNay, 1077.4(Si03)60 was prepared in
the same way as in the preparation of Catalyst 12 except
that the product obtained by hydrolyzing antimony
trichloride with sodium hydroxide and washing the
hydrolyzate with water was used as the starting mate-
rial for the antimony component, and the final calcina-
tion was carried out at 710° C. for 5 hours. Because the
water washing of the hydrolyzate of antimony oxide
(found to be a Valentinite-type antimony trioxide by
X-ray diffraction analysis) was insufficient, the resulting
catalyst had a higher Na content than the catalysts
within the scope of the invention.

Catalyst 23

A catalyst having the empirical formula Fe;gSbs.
sMoog.25Te; 0 Cug.sNaj 0908 8(Si02)60 Was prepared in
the same way as in the preparation of Catalyst 1 except
tht copper nitrate was used as the starting material for
the copper component and mixed with and dissolved in
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a solution of iron nitrate; the ammonium paratungstate
was not added; and the final calcination was carried out
at 810° C. for 4 hours. The resulting catalyst did not
contain an Me component, and was outside the scope of
the invention.

Catalyst 24

A catalyst having the empirical formula FejoSbs.
sMo2V .06 Tes sCuizNaj 09031.7(8i02)60 was prepared in
the same way as in the preparation of Catalyst 11 except
that molybdenum trioxide was used as a raw material
for the molybdenum component, and the final calcina-
tion was carried out at 690° C. for 4 hours. In the result-
ing catalyst, a part of the molybdenum component was
present as a free oxide (see FIG. 3). This catalyst had a
structure outside the scope of the invention. The X-ray
diffraction pattern of this catalyst is shown in FIG. 3.

Catalyst Testing Methods

Each of the catalysts obtained was tested for the
following items.
(1) Test for Catalyst Strength

The test was performed by the method described in
“Test Methods for Synthetic Cracking Catalysts”
(American Cyanamid Company, 6/31-4m-1/57) known
as a method for testing fluidized catalytic cracking cata-
lysts (so-called FCC catalysts). The test was performed
on particles having a size of 63 to 105 microns.

The attrition rate (%) shown in Table 2 was obtained
from the following relationship.

B
C -4

Attrition rate (%) = R = x 100

A: the weight (g) of the catalyst which wore away
during a period of O to 5 hours
B: the weight (g) of the catalyst which wore away
during a period of 5 to 15 hours

C: the weight (g) of the catalyst used in the test

Catalyst having higher strengths have smaller attri-
tion rate (%) (=R value).
(2) Test for Catalyst Activity

Using a fluidized bed reactor including a catalyst
fluidizing portion with an inside diameter of § cm and a
height of 2 meters, a starting gaseous mixture (propy-
lene, ammonia and air) was fed into the reactor so that
the apparent linear velocity of the gaseous mixture
became 15 cm/sec.

Table 3 shows the results obtained under the follow-
ing conditions.

Molar ratio of air/propylene fed = 10.5

Molar ratio of ammonia/propylene fed =1.05

Table 4 shows the results of the activity testing over
long periods of time, and Table 5 shows the results of
the strength test.

TABLE 2

%
Catalyst Strength Test Results

Components (atomic ratim!

Calcination
Conditions
Temper- Attrition
Silica ature Time Rate

Catalyst Fe Sb Mo VorWw Te Q Na Si Sol (°C.) (hr) (%)
m
1 10 15 03 W 0.2 0.5 0 0.15 50 A 790 4 1.1
2 10 18 0.5 V0.2 1,2 0 0.15 50 A 770 4 0.8
3 I0 20 Q.5 W 0.2 1.5 Cu 1 0.09 130 A 760 4 1.5
Ni 3

4 i0 20 08 W 0.2 1.7 Cu 25 015 50 A 740 4 0.7
-5 10 20 1.0 vV 0.2 2.5 Cu 3 0.23 80 A 750 4 0.8
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TABLE 2-continued
Catalyst Strength Test Results
Calcination
Conditions
Temper- Attrition
Components (atomic ratios) Silica ature  Time Rate
Catalyst Fe Sb Mo VorW Te Q Na Si Sol ("C)) (hr) (%)
6 iI0 20 08 VvV Q.1 2.0 Cu 25 023 B0 A 750 5 0.9
7 I0 20 05 V0O.1WCG.3 2.3 Cu 3} 0.29 100 A 770 5 1.1
8 iC 20 01 VOIWO06 1.5 Zn 2 0.23 8O A 760 4 0.3
Cu 2
9 10 20 0.5 V0.3 2.0 Mg 2 1.45 B8O B 780 4 0.5
10 10 20 1.0 V0.2WO0lI 30 Ni 4 0.38 130 A T60 4 0.5
11 10 25 2.0 V 0.06 3.5 Cu 3 1.09 60 B 690 4 1.8
12 10 25 1.0 W 0.1 1.5 Cu 4 1.09 60 B 740 5 1.3
13 10 25 0.3 W 0.5 2.0 Mgz 4 090 30 B 760 5 }.2
14 10 27 0.7 V 0.2 2.5 Cu 5§ 090 50 B 750 5 .5
15 10 25 1.0 W 0.5 3 Cu 05 109 60 B 710 4 14
16 10 30 1.5 V 0.1 4 Cu 2 1.09 60 B 730 4 5.8
N1 2
17 10 28 2.7 vV 0.1 5 Cu 65 020 70 A 660 4 16.3
18 10 25 1.0 W 0.1 I.5 Cu 4 .06 20 A 690 5 44.2
19 i0 20 0.2 W 1.5 25 Ni 3 0.15 50 B 750 4 £.3
20 10 20 08 vV Ol 2.0 Cu 25 34 80 C 750 5 0.7
21 i0O 20 0O8 W 0.2 1.7 Cu 2.5 061 210 A 170 4 1.3
22 10 25 1.0 W 0.1 1.5 Cu 4 4.1 60 A 710 5 1.1
23 10 25 Q.25 0 1.0 Cu 0.5 1.09 60 B 810 4 2.1
24 10 25 2 V 0.06 3.5 Cu 13 1.09 60 B 690 4 2.2
TABLE 3
Catalyst Activity Test Results
Reaction Conditions Ci1Hg AN
Temper- Contact Conver-  Selec-
Pressure ature Time C3Hg Conversion (%) sion tivity
Catalyst (kg/cm?G)  (°C.) (sec.y AN CH3CN  HCN (%) (%)
] 0.3 435 4.5 79.9 0.6 6.4 98.6 81.0
2 0.3 4315 4.0 81.5 0.4 5.2 97.9 83.2
3 0.1 430 4.0 80.8 0.5 5.8 98.1 82.4
4 0.5 435 3.5 81.1 0.3 5.4 98.5 82.3
5 0.5 435 3.5 81.3 0.3 5.3 98.2 82.8
6 0.5 430 4.0 30.9 0.4 5.5 97.6 §2.9
7 0.5 440 5.0 79.8 0.4 5.4 97.5 51.8
8 0.3 450 3.5 79.7 0.8 6.2 98.4 81.0
9 0.5 430 4.5 80.1 0.7 5.6 98.6 §1.4
1O 0.1 440 5.0 80.1 0.4 5.5 98.8 §1.1
i1 0.3 430 3.5 80.0 0.5 5.7 97.8 81.8
|2 0.3 440 3.0 80.5 (.5 5.2 97.9 §2.2
13 0.3 450 4.0 80.7 0.7 5.9 98.2 §2.2
14 0.3 430 4.0 80.6 0.4 5.6 98.1 §2.2
15 0.5 430 4.5 79.5 0.5 5.1 97.8 Bl.3
16 0.5 420 4.5 79.1 0.4 5.8 98.2 B(O.5
17 0.5 420 5.0 78.3 1.2 5.3 98.5 B0.5
18(2) (2) _— — — _— —_— _ — —
19 0.5 410 3.5 74.6 1.3 0.7 97.1 76.8
20 0.5 430 4.0 60.1 0.8 3.6 86.1 69.8
21 0.5 450 6.0 70.3 0.2 4.3 87.6 B0.3
22 0.3 430 3.5 57.3 0.6 314 81.1 70.7
23 0.5 460 6.0 74.2 0.3 5.6 98.1 75.6
24 0.3 430 3.5 70.1 0.2 5.1 96.3 72.8
(DAN: Acrylonitrile
Mo evaluation due to extremely low catalysi strength.
TABLE 4
Long Term Catalyst Activity Test Results
Test Conditions
Reaction Total
Gases fed Reaction Temper- Contact CiHg Conversion (%) CiHg
{molar ratio) Pressure ature Time CHj3 Conversion
C3Hg NH3; Air  (kg/cm? - G) ("C.) {sec) AN CN HCN CO; CO AL (%e)
Catalyst 4
Initial | 1.03 102 0.5 430 4.0 80.7 Q.5 5.2 104 27 0.2 99.7
1000 hrs i .03  10.2 0.5 430 4.0 BO.5 0.4 5.1 10.3 2.1 0.3 08.7
later
Catalysi 15
Initial 1 1.03 102 0.5 430 4.5 790 04 5.2 104 28 04 98.2

AN
Selectivity
(%)

80.9
B1.6

80.4
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TABLE 4-continued
Long Term Catalyst Activity Test Results
_ Test Conditions
Reaction Total
(Grases fed Reaction Temper- Contact C3Hg Conversion (%) C3iHg AN
___{molar ratio) Pressure ature Time CHj - Conversion  Selectivity
CiHg NH3 Air (kg/cm?-G)  (°C) (sec) AN CN HCN CO; CO AL (%) (%)
1000 hrs 1 .03 10.2 0.5 435 4.5 784 03 3.0 0.8 32 0.3 98.0 80.0
later
AL = Acrolein
TABLE 5 , .
— propylene/oxygen/ammonia molar ratio to about
Long Term Catalyst Activity Test Results I:about 1:about 0.8 to about 1:about 4:about 3;
Attrition Rate (%) 15 (II) said catalyst being prepared by
Before Test After Test (1) mtimately mixing starting materials for said Fe,
Catalyst 4 0.7 0.8 Mo, Mg, Te and Q components in a form soluble
Catalyst 15 3.4 33 in water or nitric acid, a starting material for the

Catalyst 15 had inferior attrition resistance to the
catalysts of this invention as can be seen from the results
in Table 2, and the strength of Catalyst 15 was reduced
further during the long-term test as can be seen from the
results in Table 5. It can be seen from the results in
Table 2 that Catalysts 16 to 18 had very low attrition
resistance. It 1s further seen that Catalysts 19 to 24 were
inferior to the catalysts of this invention in acrylonitrile
yields.

The results in Table 2 and 3 demonstrate that Cata-
lysts 1 to 14 in accordance with the present invention
are superior fluidized catalysts which provide high
acrylonitrile yields and have high attrition resistance.

It 1s clear from the resuilts in Table 4 and 5 that the
catalysts in accordance with the present invention pro-
vide high acrylonitrile yields even when the ammonia/-
propylene molar ratio and the air/propylene molar ratio
(1.e., the oxygen/propylene molar ratio) are decreased,
and even under these severe conditions, high acryloni-
trile yields are maintained and the catalysts have high
strength endurable to long-term use.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What is claimed is:

1. A process for producing acrylonitrile by the vapor-
phase catalytic ammoxidation of propylene, which
comprises

(I) reacting propylene, a molecular oxygen-contain-

ing gas and ammonia in the presence of a catalyst
expressed by the following empirical formula

FeaSbeﬂfMedTEeQﬂﬂgok-(SiDz)f

wherein Me is at least one element selected from
the group consisting of V and W,
Q 1s at least one element selected from the group
consisting of Cu, Mg, Zn and Ni, and
the subscripts a, b, ¢, d, ¢, f, g, h and i each repre-
sents atomic ratios such that when a=10; b=13
to 20, ¢=0.1t02.5;d=0.05t0 1;e=0.21t0 5; f=0
to 4; g=0 to 3; h=the number of oxygens corre-
sponding to the oxide formed by the combina-
tion of said components; and i=25 to 200:
in a fluidized bed catalytic reaction zone at a tempera-
ture of about 380° to about 500° C. and a pressure of
about 0.2 to about 3 kg/cm?-G while adjusting the

20

25

30

35

45

)

55

65

Sb component, and silica sol, thereby to form a
slurry containing these components and having a
non-volatile solids content of about 10 to about
30% by weight:

(2) so that the composition of the final catalyst is
within the range expressed by said empirical
formula above;

(3) spray-drying the resulting slurry, and

(4) calcining the resulting spray-dried particles at a
temperature of about 600° to 950° C. thereby to
form a catalyst with a composition within the
above empirical formula and with all of the Mo,
Me, and Te components substantially dissolved
In an iron/antimony oxide compound (FeSbQy)
in the form of a solid solution.

2. The process of claim 1, wherein Q in the catalyst
empirical formula is Cu.

3. The process of claim 1, wherein the starting materi-
als for the Fe and Q components are nitrates.

4. The process of claim 1, wherein the starting materi-
als for the Mo and Me components are ammonium salts
of the oxyacids thereof.

5. The process of claim 1, wherein the starting mate-
rial for the Te component is a product obtained by
oxidizing metallic tellurium with nitric acid, tellurous
acid, or telluric acid.

6. The process of claim 1, wherein the starting mate-
rial for the Sb component is antimony trioxide or a
product obtained by oxidizing metallic antimony with
nitric acid.

7. The process of claim 1, wherein the silica sol has a
silica particle diameter of about 5 to about 100 my, and
a stlica concentration of about 10 to about 60% by
weight.

8. The process of claim 1, wherein the slurry is pre-
pared by intimately mixing starting materials for the Fe,
Mo, Me, Te and Q components in a form soluble in
water or nitric acid, a starting material for the Sb com-
ponent, nitrate ion, and silica sol to prepare a slurry
containing these components and having a non-volatile
solids content of about 10 to about 50% by weight,
adjusting the pH of the slurry to not more than about 7,
and heat-treating the resulting slurry at a temperature
within a range of about 40° to about 150° C. for at least
about 20 minutes while maintaining the slurry form: and
then spray-drying the slurry.

9. The process of claim 1, wherein the slurry is pre-
pared by first forming a slurry at least containing a
starting material for the Fe component in a form soluble
In water or nitric acid, a starting material for the Sb
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component, nitrate ion, and silica sol, adjusting the pH
of the slurry to not more than about 7, heat-treating the
resulting slurry at a temperature within a range of about
40° to about 150° C. for at least about 20 minutes while
maintaining the slurry form, then adding starting mate- 3
rials for the other components in a form soluble in water
or nitric acid to the heat-treated slurry and intimately
mixing the mixture to form a slurry containing all of the
components and having a non-volatile solids content of
about 10 to about 50% by weight; and then spray-dry- 10
ing the resulting slurry.

10. The process of claim 1, wherein the spray-dned
particles are calcined at about 200° to 600° C. for about
1 to about 50 hours, and then at about 600° to about 950°
C. for about 1 to about 50 hours.

11. The process of claim 10, wherein the final calcina-
tion is carried out in a fluidized bed calcination furnace.

12. The process of claim 1, wherein the spray-drying
is performed such that at least about 80% by weight of
the catalyst particles obtained by calcination have a 20
particle size in the range of about 20 to about 200 mi-
Cronmns.

13. The process of claim 1, wherein the reaction tem-
perature is within a range of about 400° to about 480° C.

14. The process of claim 1, wherein the reaction pres-
sure is within a range of about 0.3 to about 1.5 kg/cm?-
G.

15. The process of claim 1, wherein the propylene-
/oxygen/ammonia molar ratio in the feed gaseous mix-
ture is about l:about 1.5:about 0.9 to about l:about
2.5:about 1.5.

16. The process of claim 1 wherein the starting mate-
rial for the Sb component is selected from the group
consisting of antimony trioxide, antimony tetroxide,
antimony pentoxide, substances which will become a 35
stable oxide of antimony after chemical treatment or
calcination, a product obtained by oxidizing metallic
antimony with nitric acid, easily hydrolyzable antimony
salts and hydrous oxides obtained by hydrolyzing anti-
mony halides.

17. The process of claim 16 wherein the substance
which will finally become a stable oxide of antimony is
an antimony hydroxide and the easily hydrolyzable
antimony salt is an antimony halide.

18. A process for producing acrylonitrile by the va- 43
por-phase catalytic ammoxidation of propylene, which
cComprises

(I) reacting propylene, a molecular oxygen-contain-

ing gas and ammonia in the presence of a catalyst

15

25

30

40

expressed by the following empirical formula 50

Fe SbpMo Me Te QMNag0p.(5107);

wherein Me is at least one element selected from
the group consisting of V and W, 55

Q is at least one element selected from the group
consisting of Cu, Mg, Zn and Ni, and
the subscripts a, b, ¢, d, ¢, f, g, h and i each repre-
sents atomic ratios such that when a=10; b=20
t0 28:c=0.1t02.5;d=0.05t0 l;e=0.2t0 5, f=2 &
to 6; g=0 to 3; h=the number of of oxygens
corresponding to the oxide formed by the combi-
nation of said components; and 1=235 to 200;
in a fluidized bed catalytic reaction zone at a tempera-
ture of about 380° to about 500° C. and a pressure of 5
about 0.2 to about 3 kg/cm2-G while adjusting the
propylene/oxygen/ammonia molar ratioc to about
1:about 1:about 0.8 to about 1:about 4:about 3;

24

(II) said catalyst being prepared by

(1) intimately mixing starting materials for said Fe,
Mo, Me, Te and Q components in a form soluble
in water or nitric acid, a starting material for the
Sb component, and silica sol, thereby to form a
slurry containing these components and having a
non-volatile solids content of about 10 to about
50% by weight;

(2) so that the composition of the final catalyst is
within the range expressed by said empincal
formula above;

(3) spray-drying the resulting slurry, and

(4) calcining the resulting spray-dried particles at a
temperature of about 600° to 950° C. thereby to
form a catalyst with a composition within the
above empirical formula and with all of the Mo,
Me, and Te components substantially dissolved
in an iron/antimony oxide compound (FeSbQOj4)
in the form of a solid solution.

19. The process of claim 18, wherein Q in the catalyst
empirical formula i1s Cu.

20. The process of claim 18, wherein the starting
materials for the Fe and Q components are nitrates.

21. The process of claim 18, wherein the starting
materials for the Mo and Me components are ammo-
nium salts of the oxyacids thereof.

22. The process of claim 18, wherein the starting
material for the Te component is a product obtained by
oxidizing metallic tellurium with nitric acid, tellurous
acid, or telluric acid.

23. The process of claim 18, wherein the starting
material for the Sb component is antimony trioxide or a
product obtained by oxidizing metallic antimony with
nitric acid.

24. The process of claim 18, wherein the silica sol has
a silica particle diameter of about 5 to about 100 my,
and a silica concentration of about 10 to about 6(0% by
weight.

25. The process of claim 18, wherein the slurry is
prepared by intimately mixing starting materials for the
Fe, Mo, Me, Te and Q components in a form soluble 1n
water or nitric acid, a starting material for the Sb com-
ponent, nitrate ion, and silica sol to prepare a slurry
containing these components and having a non-volatile
solids content of about 10 to about 50% by weight,
adjusting the pH of the slurry to not more than about 7,
and heat-treating the resulting slurry at a temperature
within a range of about 40° to about 150° C. for at least
about 20 minutes while maintaining the slurry form; and
then spray-drying the slurry.

26. The process of claim 18, wherein the slurry 1s
prepared by first forming a slurry at least containing a
starting material for the Fe component in a form soluble
in water or nitric acid, a starting material for the Sb
component, nitrate ion, and silica sol, adjusting the pH
of the slurry to not more than about 7, heat-treating the
resulting slurry at a temperature within a range of about
40° to about 150° C. for at least about 20 minutes while
maintaining the slurry form, then adding materials for
the other components in a form soluble in water or
nitric acid to the heat-treated slurry and intimately mix-
ing the mixture to form a slurry containing all of the
components and having a non-volatile solids content of
about 10 to about 50% by weight; and then spray-dry-
ing the resulting siurry.

27. The process of claim 18, wherein the spray-dried
particles are calcined at about 200° to 600° C. for about
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1 to about 50 hours, and then at about 600° to about 950°
C. for about 1 to about 50 hours.

28. The process of claim 18, wherein the final calcina-
tion is carried out in a fluidized bed calcination furnace.

29. The process of claim 18, wherein the spray-drying
is performed such that at least about 80% by weight of
the catalyst particles obtained by calcination have a
particle size in the range of about 20 to about 200 mi-
Crons.

30. The process of claim 18, wherein the reaction
temperature is within a range of about 400° to about
480° C.

31. The process of claim 18, wherein the reaction
pressure is within a range of about 0.3 to about 1.5
kg/cm2-G.

32. The process of claim 18, wherein the propylene-
/oxygen/ammonia molar ratio in the feed gaseous mix-
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ture is about l:about 1.5:about 0.9 to about l:about
2.5:about 1.5.

33. The process of claim 18 wherein the starting ma-
terial for the Sb component is selected from the group
consisting of antimony trioxide, antimony tetroxide,
antimony pentoxide, substances which will become a
stable oxide of antimony after chemical treatment or
calcination, a product obtained by oxidizing metallic
antimony with nitric acid, easily hydrolyzable antimony
salts and hydrous oxides obtained by hydrolyzing anti-
mony halides.

34. The process of claim 33 wherein the substances
which will finally become a stable oxide of antimony
oxide is an antimony hydroxide and the easily hydrolyz-

able antimony salt is an antimony halide.
* % % x ¥
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